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Abstract 
The aim of this research was to produce high reduction sugar component of bioethanol fermentation substrate using E. cottonii 
seaweed. The dried E. cottonii was taken from Buton district, South East Sulawesi. The seaweed was hydrolyzed using cellulose 
for 24 hours with various enzyme concentrations (19, 36, and 52 AU) and temperatures (40 and 50 °C). The reduction sugar was 
analyzed by Nelson-Somogy Method then statistical significance test (t-test) was processed by using SPSS software. The results 
showed that the reduction sugar was 8.045 mg/mL, obtained during 12 hours of hydrolysis process using 36 AU cellulose at 50 
°C. However, this hydrolysis result was not significantly different (tested by t-test analysis) with the result shown by 19 AU 
cellulose enzyme hydrolysis at 50 °C temperature which produce 7.937 mg/mL of reduction sugar component.  
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1. Introduction 
One of Indonesia popular marine resource is seaweed, indeed the development of seaweed cultivation were 
sufficient recently. Unfortunately, only 20-23% seaweed cultivation in Indonesia produce raw material despite of 
well processed products with more added values. Some of the seaweed types are Euchema cottoni and Gracilaria, 
with an estimated yield ratio of 70:30. Indonesia exported 80% of E. cottoni, while 80% of Glacilaria product was 
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consumed domestically (Rachbini et al., 2011 in Nurdin, 2012). Buton, Southeast Sulawesi is one of the producers 
of E. cottoni seaweed and had reached 70.313 tons (General Directorate of Aquaculture Ministry of Marinary and 
Fisheries in Export News, 2013). 
According to Harvey (2009) in Wiratmaja (2011), seaweed chemically consisted of water (27.8%), protein 
(5.4%), carbohydrates (33.3%), fat (8.60%), and crude fiber (3.0%), and ash (22.25%), while Suriawiria (2003) 
stated that seaweed consisted of 11,28% of moisture content, 36.05 % of ash content, 0.42% fat, 1.86% protein 
content, 8,96% fiber content and 41.43% of carbohydrates. Jung et al. (2012) had proved that the macroalgae (means 
seaweed) is a potential material for biorefinery by the introduction of taxonomical classification, habitats, carbon 
reserve capacity, also can be cultivated in agricultural waste. It was concluded that further research is needed for the 
utilization of seaweed as a promising new biomass and biorefinery. The invention of seaweed bioethanol will 
support the Government's policy, especially in the provision of renewable biofuel energy.  
Sari et al. (2013) made the ethanol from cellulose Gracillaria verrucosa and red algae E. cottonii and the 
conversion rates of red algae cellulose and fermentation by bacterium Clostridium acetobutylicum obtained at the 
fermentation conditions of pH 6.0 during 10 days period. Red algae cellulose conversion value is every 1 kilogram 
of Cellulose gracillaria verrucosa produces 21.56% bioethanol with purity of 17.04% and a kilogram of E. cottonii 
produces 18.40% ethanol with a purity of 8.42%.  
This study aimed to find out the effect of pretreatment of Euchema cottoni that was being hydrolyzed by cellulose 
enzyme before the fermentation to produce a substrate that could increase the glucose content of bioethanol 
production. The fermentation step after that was conducted with S. cereviceae that able to converses the sugar into 
ethanol.  
2. Materials and methods 
2.1. Feedstocks and chemicals 
The dried E. cottonii seaweed supplied from Buton, Southeast Sulawesi, Indonesia. Other materials were distilled 
water, Nelson A, Nelson B, Arsenomolibdat, and cellulose enzyme (CV. Endsany Jaya Engineering Surakarta). The 
equipment used is a set of tool beaker, analytical balance, Jenway 6305 spectrophotometer, vortex, electric stove, 
and a hotplate stirrer. 
 
2.2. Methods 
2.2.1 Seaweed preparation  
Seaweed was soaked for 2 hours and then washed and drained. After that, size reduction process (cut into pieces). 
Weighed 10 grams each, put in 100 ml Erlenmeyer.  
2.2.2     Cellulase enzyme preparation.  
A solution of cellulase (1 g of enzyme cellulase: 1 ml of distilled water) was centrifuged in centrifuge 7000 rpm 
for 10 minutes to separate the solids and liquids then hydrolyzed this solution. For 19 AU cellulase enzyme obtained 
5 g of enzyme dissolved in 5 ml of distilled water. Similarly, to obtain the enzyme cellulase of 36 AU and 52 AU.  
2.2.3 Hydrolysis Process.  
Hydrolysis was done in the concentration of cellulase were 19, 36, and 52 AU while the temperatures were 40 
and 50°C. To maintain the heat and the temperature also to stir while hydrolyzed, equipments that been used was 
hotplate stirrer at 100 rpm and thermometer to monitor the temperature. Hydrolysis process is carried out for 24 
hours by sampling method.  
2.2.4 Determination of reduction sugar in the sample.  
Prepare 1 ml of the sample solution into a clean test tube, add 1 ml of Nelson reagent, and subsequently treated as 
in the preparation of a standard curve of glucose solution.  
2.2.5 Experimental Design 
The study was conducted using completely randomized design (CRD) with 2 factors. Factor 1 is the concentration 
of cellulase enzyme consists of three variations, namely 19, 36, and 52 AU. Factor 2 is the temperature of the 
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hydrolysis process that consists of two variations, namely 40 and 50°C. Of the two factors obtained 6 treatment 
combinations. The parameters that were analyzed was reduction sugar levels. The data obtained were statistically 
analyzed using SPSS software with real different test (t test). 
 
3. Results and discussions 
3.1. Characteristics of E. cottonii Seaweed 
E. cottonii is one type of red algae (Rhodophyta) seaweed which has smooth and cylindrical thallus, and the 
colors vary on green, yellow green, gray, and red. This seaweed grows attached to a substrate in the form of discs 
(Atmaja et al., 1996 in Wiratmaja, 2011). Seaweed is a high organic compound macroalgae, especially 
carbohydrates in the form of monomers and polymers. The contents of the seaweed species of red algae including 
Polysaccharide, Carrageenan, Agar, Cellulose, Lignin Monosaccharide, Glucose, Galactose, and Agarose (Jung, et 
al., 2012). 
Cellulose of seaweed is the component that can be converted into bioethanol.  According to the proximate test, 
that E. cottonii consisted of 75.32% moisture content, 4.13% ash content, 1.76% protein content, 0.35% fat, 2.60% 
crude fibre and15.85%  carbohydrate. In addition, Kim et al. (2010) also showed the composition of the E. cottonii 
seaweed contains 7.11% of cellulose.  
Organic components of lignocellulose is abundant in nature and consists of three types of polymers, namely 
cellulose, hemicellulose, and lignin. This components is an important materials to produce useful products such as 
sugar from fermentation, chemicals, and biofuels. Cellulose can be hydrolyzed into glucose using water media and 
assisted with acid catalyst or enzyme. Previous studies (Nurdin, 2012) have analyzed the quality of post-harvest 
seaweed E. cottonii in Buton, Southeast Sulawesi. This study was developed to determine the potential of seaweed to 
produce bioethanol through fermentation substrate with the highest reduction sugar.  
3.2. Results of Enzymatic Hydrolysis 
The expected result of this study is to produce high reduction sugar from hydrolysis process. These results are 
obtained by comparing the variation of the concentration of cellulose enzyme used and the temperature during the 
process of hydrolysis, as well as during the sampling process of hydrolysis for 24 hours. There were 6 series of 
experiments to be done in a series of experiments. The average yield of reduction sugar obtained are presented in 
Figure 1 for the hydrolysis at temperature of 40°C and Figure 2 for hydrolysis at a temperature of 50°C. The highest 
reduction sugar content was obtained at the hydrolysis for 12 hours. The performance of the enzyme increased start 
at 0 to 12 hours of hydrolysis shown by the increased reduction sugar content. However, the sampling of the 18 
hours of reduction sugar decreased. It indicated that the cellulase enzymes used only reached a maximum working 
until 12 hours.  
Decreased levels of reduction sugar after the 12 hours was due to the enzymes used are influenced by time and 
temperature. The longer use of the cellulase enzyme hydrolysis process, the enzyme activity decreased as indicated 
by decreased levels of reduction sugars (see Figure 1 and Figure 2). Kodri (2013) in Gautam et.al (2011) stated that 
the activity of cellulose enzyme will increase at the beginning and begin to decline after the eighth day. In addition, a 
decrease in enzyme activity is also due to the temperature factor as a result of this Trichoderma sp type of mold 
cannot stand too high temperature. In line with previous studies, Gautam et.al (2011) obtained the highest enzyme 
activity in the temperature range of 40-50°C for the production of cellulase enzymes from Trichoderma sp. 
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Fig. 1. Average of reduction sugar yield (mg/ml) vs hydrolysis time (hours) at temperature of 40oC 
 
 
Fig. 2. Average of reduction sugar yield (mg/ml) vs hydrolysis time (hours) at temperature of 50oC 
 
The results of reduction sugar levels will shows different level compared with temperature of hydrolysis process 
(Table 1). It means that that the cellulase enzyme was influenced by the temperature used during the hydrolysis 
process. 
     Table 1. Reduction Sugar at 12th hours 
Enzyme concentration 
(AU) 
Reduction Sugar at 12th hours 
40°C 50 °C 
% mg/ml % mg/ml 
19 
36 
52 
0.234 
0.582 
0.149 
1.919 
4.892 
1.441 
0.794 
0.865 
0.467 
7.937 
8.045 
4.018 
 
The reduction sugar increased from 0 hours up to 12 hours but decreased after that. The highest value of reduction 
sugar content was 8.045 mg / ml or 0.865% with 36 AU and 50°C during 12 hours hydrolysis (see Figure 2 and 
Table 1).  The reasons were in the beginning of hydrolysis process, there still large amount of substrate and sugar 
available to allow an increase in glucose levels at certain times, but after that certain time will experience decreased. 
However, it is an error that the value of the glucose was decreased after 12 hours of hydrolysis. After the hydrolysis 
process has reached the highest levels of glucose result should looked constant trend. Taherzadeh (2008) stated that 
enzymatic hydrolysis has several advantages over acid hydrolysis as of the value of sugar yield was high and not 
degraded, also can take place at low temperatures.  
Ashriyani (2009) who studied the production of E. cottonii biethanol using cellulose enzymes produced from T. 
viride mentioned that the hydrolysis process to get a reduction sugar only reached 48 hours and declined after that. 
This can be caused by two things. Firstly, glucose inhibits the cellulose enzyme thus reducing the enzyme's activity. 
Second reason was T. viride is to use the glucose from the hydrolysis as a carbon source that impact the glucose 
production will also be reduced. The results of this study are also similar to that occurred in the study of Ashriyani 
(2009). The cellulose enzyme used in this study will use glucose as a carbon source. Thus, after the 12 hours the 
cellulose enzyme and substrate were not balanced anymore.  
In addition, another factors that affect the enzyme activity were internal factors of raw materials (seaweed) for the 
hydrolysis process, transporting and storing the seaweed during transportation (from Buton), the presence of 
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microbes that consume the sugars, aside from raw materials, are also influenced by cellulose enzymes used during 
the study that already being stored for a while and made the quality of certain enzymes decreased.  
Figure 2 would look right if the y axis is the activity of cellulose enzymes. From time to time the performance of the 
enzyme will decrease or stop. The longer interaction between the enzymes with substrate the more glucose is 
formed. However, at a certain time of hydrolysis glucose concentration will also decrease. This decrease is caused 
by the accumulation of the products that have been formed earlier and leading to inhibition of the cellulose enzyme. 
Cellulose enzyme inhibitors are glucose and cellobiose. Cellobiose inhibits the exogluconase enzyme whereas 
glucose inhibits the ß-glucosidase enzyme (Ambriyanto, 2010). 
Hydrolysis with cellulose enzyme 36 AU variation and a temperature of 50°C produced 8.045 mg/ml reduction 
sugar. These results are far from satisfactory, as mentioned by Andhi (2010) that optimal sugar levels required for S. 
cereviceae activity during fermentation is 17-18 g/ml. If the sugar solution in excess of the levels, it will cause the S. 
cereviceae could not develop properly and if the sugar content is less than 17-18 g/ml, S. cereviceae will still alive 
and thriving, although the amount of ethanol produce will be smaller because the sugar that is processed into ethanol 
is also fewer. 
The t-test results indicated that the significance of t-tests value was 0.519, greater than 0.05, meant that no 
significant difference of the use of 19 AU and 36 AU enzymes. Thus the decision was to produce bioethanol 
fermentation substrate with the addition of the enzyme 19 AU.  
According to Maiorella et al. (1981) in Ega et al. (2013), 1.0 g of glucose will theoretically produce 0.51 g of 
ethanol. But in fact, ethanol is obtained only around 90% of the theoretical yield. Actual ethanol produced was not 
90%, because glucose was also being used during the growth of S. cereviceae during the fermentation process. In 
fact, the possibility of ethanol being produced is 1 g glucose will produce 0.357 g ethanol or 60-70% yield.  
From the above description mentioned, 25 kg of raw materials will produce a substrate with a sugar content of 
17.5 g and ethanol 6.25 g or 70% of the theoretical production. The volume of 6.25 g of ethanol is 8.01 ml. Thus, the 
result is only 2.4 liters of ethanol per year, and we can conclude that this material is not suitable as bioethanol 
fermentation medium, as compared with Saputra et al. (2012) which examined the Sargassum seaweed as a material 
of bioethanol by acid hydrolysis, the glucose obtained was 28,051 mg/ml or will produce 0.0571 ml of ethanol. Far 
different from the results of ethanol produced from fermentation substrate in this study. 
4. Conclusion 
Eucheuma cottonii able to be used as bioethanol fermentation substrate in the form of reduction sugars by 
enzymatic hydrolysis using cellulose enzymes. The best conditions of the enzymatic hydrolysis of cellulose 
enzymes was 36 AU with temperature of 50°C and reduction sugar obtained was 8.045 mg/ml or 0.865%. However, 
based on t-test statistical analysis the results of reduction sugar levels were not significantly different with the result 
of cellulase enzymes hydrolysis at a temperature of 50°C, 19 AU which produced reduction sugar levels at 7.937 
mg/ml or 0.794%.  
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